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Introduction 
  The purpose of this in vitro study is to determine the effect of 4 different 
debonding techniques using 3M ceramic bracket debonding plier, peppermint oil, 
diode laser and Er:YAG laser on enamel surface, and assess the remnant adhesive on 
the surface of brackets and to determine the time taken to debond each bracket 
Methods 
40 human upper premolar teeth were divided into 4 groups with 10 samples on 
each. Samples were bonded with clarity advance ceramic brackets (3M Unitek) and 
mounted on color coded acrylic blocks. Group I was debonded with ceramic bracket 
debonding plier (3M Unitek), Group II with peppermint oil (Falcon essential oils), 
Group III with diode soft tissue laser (Picasso Lite, Italy), Group IV with Er:YAG, 
hard tissue laser (Fontona, Slovenia) and time taken to debond each bracket was 
calculated using stop watch. The debonded samples were examined under 
stereomicroscope with 10 times magnification and modified ARI score was 
determined. The samples were prepared for SEM and the images were viewed under 
50x and 100x magnifications. 
Results 
 Analysis of variance indicated a significant difference (P < 0.05) among the 
groups. Mean adhesive remnant score between the different groups showed that 
Group I had a mean value of 3.30± 1.25 which was statistically significant (p<0.05) 
when compared with Group III and Group IV that had a mean mARI of 2.00 ± 0.81 
and 1.00 ±0.00 respectively. Group II had a value of 2.40 ± 1.07 which was 
statistically significant (p<0.05) when compared with Group IV with a mean value of 
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1.00±0.00. Mean time taken for debonding between different groups were statistically 
significant (p<0.05). 
Conclusions 
The results showed that among the four debonding techniques used to remove 
the ceramic brackets, Er:YAG laser debonding was the most effective, safest for the 
enamel surface and was least time consuming.  
Keywords 
Debonding, ceramic brackets,3M ceramic bracket debonding plier, peppermint 
oil, diode laser, Er:YAG  laser, SEM, Stereomicroscope. 
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An expectation of beautiful smiles at the end of orthodontic treatment is a 
primary concern to every patient as well as the orthodontist, but the patient is also 
equally concerned with appearance while undergoing treatment. Many attempts have 
been made by manufacturers to meet this demand. Characteristic of an ideal 
orthodontic appliance include good esthetics and optimum technical performance. 
Like general dentistry, the orthodontic speciality also felt the need to provide the 
public with a more esthetic or invisible orthodontic appliance. An increase in the 
number of adult patients has led to the development of various esthetically superior 
appliances. Ceramic brackets were introduced to orthodontic speciality in the  
mid-1980s and since then have become an integral part of the orthodontists’ 
armamentarium. Since their introduction, product design and clinical performance has 
greatly improved. The superior aesthetics of ceramic brackets when compared to 
conventional stainless steel brackets is not only well accepted by the patient, 
particularly adults, but are positively sought for1.  
Ceramic brackets have the unique characteristic of being more esthetic than 
metal brackets. There are two types of ceramic brackets, polycrystalline and 
monocrystalline, composed of 99.9% aluminum oxide. The most apparent difference 
between polycrystalline and single crystal brackets is in their optical clarity. Single 
crystal brackets are noticeably clearer than polycrystalline brackets, which tend to be 
translucent1. Although ceramic brackets are more esthetic, many clinicians refrain 
from using them because of many potential problems, as well as difficulty 
encountered during debonding. The brittle nature of ceramic brackets has resulted in 
high incidence of bracket failure during debonding. Debonding may be time 
consuming, painful and damaging to enamel if performed with improper technique2. 
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Reports of enamel fracture and cracks during debonding have raised questions 
about the safety of various procedures used to remove these attachments3. Although 
the tensile strength of ceramic is greater than that of stainless steel, less energy is used 
to cause fracture of ceramic brackets compared with conventional stainless steel 
brackets4. This phenomenon is related to fracture toughness or the ability of a material 
to resist fracture, and ceramic brackets have substantially less fracture toughness 
when compared to stainless steel brackets5. 
During loading, ceramic brackets elongate to approximately 20% of its 
original length before failing. A shallow scratch on the surface or microscopic crack 
drastically reduces the load required for fracture of ceramic brackets6. Stresses 
introduced during ligation and arch wire activation, forces of mastication, occlusion 
and forces applied during bracket removal with pliers or debracketing instruments are 
all capable of creating micro-cracks in ceramic brackets that can lead to failure7. 
The adhesion between the resin and ceramic bracket base has increased to a 
point where the most common site of bond failure during debonding has shifted from 
bracketbase- adhesive interface to enamel-adhesive interface which could increase the 
risk of enamel damage which is less desirable8. This shift has led to an increase in the 
incidence of bond failures within the enamel surface. Enamel surface damage is a 
common problem during debonding of ceramic brackets9. Monocrystalline ceramic 
brackets display more enamel loss than polycrystalline brackets because the bonding 
mechanism in monocrystalline brackets is by only chemical adhesion, but in case of 
polycrystalline, it is by both micromechanical and chemical adhesion10.  
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Ceramic brackets with chemical retention appeared to cause enamel damage 
more often than those with mechanical retention. Investigators who have attempted to 
develop an optimal method of removing orthodontic metal brackets have concluded 
that application of a force that peels the bracket base away from the tooth and causes 
bond failure at the adhesive-bracket interface is the most consistently atraumatic 
debonding technique. However, because of the nature of the ceramic brackets, 
debonding method, that employ such force often result in fracture. Hence, the 
manufacturers have developed various debonding techniques especially for ceramic 
brackets, including the use of debonding pliers, weingart pliers, ligature cutting pliers 
to apply a squeezing force at the bracket base11. Alternate debonding techniques other 
than pliers that minimize the potential for bracket failure as well as trauma to the 
enamel surface during debonding have been developed.  
Ultrasonic debonding uses specially designed tips applied at the bracket 
adhesive junction12. Thermal debonding has also been used as a method for debonding 
ceramic brackets13. An electrothermal debonding technique has been suggested as an 
alternative method to thermal heating. It involves heating the bracket with a 
rechargeable heating gun while applying tensile force to the bracket14,15. Removal of 
ceramic brackets with an electrothermal debonding required less force than with a 
mechanical debonding technique16. 
Chemical agents can also contribute to easier mechanical debonding. 
Peppermint oil and its derivatives are applied around the bracket base and left for 
around 2 minutes before mechanical debonding. Ceramic bracket removal was 
facilitated and bond failure took place at adhesive enamel interface without damaging 
the tooth surface17. It did not create any significant effect on the surface micro-
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hardness of orthodontic resins also did not soften the matrix but allowed easier 
debonding of orthodontic appliances18.  
The ceramic brackets were debonded by irradiating the labial surfaces of the 
brackets with laser light. Laser aided debonding technique was found to significantly 
reduce the residual debonding force, the risk of enamel damage and the incidence of 
enamel fracture as compared with the conventional methods and it also has the 
potential to be less traumatic and painful for the patients and less risky for enamel 
damage. It favoured failure at bracket-adhesive interface with no bracket or enamel 
damage19. 
Different lasers with different wavelengths and pulse behaviours are used for 
debonding. Laser sources such as carbon dioxide(CO2) laser,
20,21,22 neodymium doped 
yttrium aluminum garnet(Nd:YAG),23,24,25,26 ytterbium fiber lasers27 Tm:YAP,28 Diode 
lasers29,30 Erbium-doped yttrium aluminum garnet31,32all have been studied to be used 
for debonding. Different mechanism for debonding were proposed like, thermal 
softening, thermal ablation, or photo ablation24. 
Thermal softening occurs when the laser heats the bonding agent until it 
softens, resulting in the bracket sliding off the tooth surface. Thermal ablation occurs 
when heating is fast enough to raise the temperature of the resin to its vaporization 
temperature before debonding by thermal softening occurs, resulting in the bracket 
being blown off from the surface of the tooth. The mechanism of photo ablation takes 
place when sufficient laser pulse energies are absorbed in the adhesive material, 
resulting in decomposition of material. Thermal ablation and photo ablation occur 
very rapidly and with very little heat diffusion, and the bracket and enamel surface 
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stay near the physiologic temperature32.Diode lasers debonding takes place by thermal 
softening and debonding with Er:YAG laser is by thermo ablation or photo ablation.    
Apart from understanding the amount of enamel surface damage caused by the 
debonding instruments, it is necessary to assess the ease and time required in 
debonding ceramic brackets as they all function on different principles. 
Therefore, a comparative study was undertaken to evaluate the effectiveness 
of different debonding techniques for ceramic brackets. The purpose of this study was 
to evaluate the enamel surface damage during debonding ceramic brackets using four 
different debonding techniques using 3M debonding plier, Chemical method, laser 
debonding with hard and soft tissue lasers, to evaluate the sites of failure using the 
Adhesive Remnant Index, and to evaluate the time required to remove each bracket. 
Aims & Objectives 
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1) To compare the enamel surface with scanning electron microscope (SEM) 
after debonding ceramic brackets using four different debonding techniques 
(a) 3M ceramic bracket debonding plier  
(b) Peppermint oil (Chemical agent) 
(c) Soft tissue Laser (Diode) 
(d) Hard tissue laser (Er:YAG) 
2) To evaluate the residual adhesive and the sites of failure, using the Modified 
Adhesive Remnant Index. 
3) To evaluate the time required to remove each bracket. 
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Zachrisson et al33 (1979) studied the quality of enamel surfaces after 
debonding of orthodontic brackets by means of stereomicroscopy and scanning 
electron microscopy. Remnants of adhesive on the tooth surface were removed at low 
speed. Polishing procedures with possible disappearance of individual scratches in the 
microscope were assessed and assigned a score from 0 to 4, according to a proposed 
enamel surface index system. 
Oyatein S et al34 (1980) studied the prevalence, localization and direction of 
enamel cracks in debonded, debanded and orthodontically untreated teeth of 
adolescents by fibre optic transillumination. After debonding, 60 to 70% of teeth had 
cracks. Both debonded and debanded groups had more cracks than the untreated teeth 
with majority of the cracks oriented in a vertical direction and localized in the 
gingival two-thirds of the facial surface of the teeth with few horizontal and oblique 
cracks indicating improper debonding technique. 
Diedrich P et al35 (1981) studied the alterations in enamel after debonding. 
The scanning electron microscopy showed that the site of fracture on bracket removal 
runs mostly in a heterogeneous way along the bracket-adhesive interface within the 
adhesive material and along the adhesive-enamel interface and within the enamel. In 
case of minimal tagging, the point of fracture is situated at the interface of the 
adhesive and enamel. In bracket removal cases (13.3%), enamel tear off were visible 
in the form of a rippled or terraced surface roughness. The micromorphologic findings 
showed clearly that the direct-bonding technique entails an artificial weakening of the 
superficial enamel structure. 
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Sheridian J et al36 (1986) suggested an electrothermal debracketing (ETD) 
method as an alternative to conventional methods of removing bonded brackets. The 
ETD unit induced sufficient heat in the bonded bracket to alter the bracket-adhesive 
interface without causing an excessive increase in pulpal wall temperatures. 
Odegaard J et al37 (1988) studied the shear bond strength with two different 
adhesives, a no-mix and a paste-paste adhesive. The shear bond strength of the 
ceramic bracket was found to be superior for both adhesives. Bond failure with the 
ceramic bracket occurred predominantly in the enamel-adhesive interface and the 
failure site for the metal bracket was mainly in the bracket-adhesive interface. The 
study concluded that the bond strength between the ceramic bracket and the adhesive 
in shear mode is stronger than that between the adhesive and the enamel. 
Swartz M L38 (1988) conducted a study suggesting the easier debonding of 
ceramic brackets with mechanical retention due to lack of bond strength. Compressing 
the wings while debonding and increasing the load at adhesive-enamel interface 
resulted in a brittle fracture of ceramic brackets and risk of damage to the enamel 
surface, respectively. A slow, gradual compression mesio-distal to the base would 
seem to offer the best chance for inducing crack propagation within the bonding 
adhesive rather than the enamel. 
Gwinnett J39 (1988) compared the shear bond strength values of 
commercially available ceramic brackets (Transcend and Allure) with those of metal 
brackets and also noted the site of bond failure. Test was carried out on an Instron 
machine. Results showed mean shear bond strength of 18.3 MPa and 18.8 MPa and 
failure site as the resin-bracket interface and at resin-enamel interface for Allure and 
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Transcend brackets respectively. Metal brackets showed mean shear strength of 12.9 
MPa and failure at the resin-bracket interface. 
Scott G et al40 (1988) stated that the tensile strength of ceramics is not a 
simple bulk material property. It is dependent on the condition of the surface of the 
ceramics. A shallow scratch on the surface of a ceramic will drastically reduce the 
load required for fracture whereas the same scratch on a metal surface will have little 
effect on fracture under load. The fracture toughness for stainless steel is more than 
that for polycrystalline alumina. 
Carter R41 (1989) studied the clinical management of ceramic brackets and 
advised a twisting force that does not require bracket flexion for debonding. It worked 
best on teeth etched for 30 seconds or less and on brackets without mechanical 
retention grooves. 
Strom E42 (1990) examined the possibility of enamel fracture after removal of 
ceramic brackets with silane couplers. The etching time and the adhesive system did 
not have a significant effect on debonding results. Brackets bonded with the heavily 
filled resin, and the hybrid filled resin produced failures at the bracket-adhesive 
interface. A squeezing motion made the enamel structurally weakest by creating a 
tensional force and he suggested avoiding debonding over craze lines that lead 
directly into areas of fractured enamel. 
Frederick A et al43 (1990) conducted a study on ten orthodontic bonding 
materials, representing three modes of delivery systems. Stainless steel brackets were 
bonded and heat was applied to the bracket and the temperature at debonding was 
noted for each type of resin. The two-paste systems required a higher temperature to 
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debond than did the no-mix systems and the powder-liquid system required the lowest 
temperature. There was a direct relationship between filler content and debonding 
temperature and an inverse relationship between debonding temperature and load 
needed to cause debonding. Thermal debonding showed no evidence of overt enamel 
fracture, and failure site shifted toward the tooth-resin interface. Ceramic brackets 
required almost twice the time to debond than did stainless steel brackets. 
Britton J et al44 (1990) examined the shear bond strengths to enamel of four 
ceramic orthodontic brackets and one stainless steel bracket in trials with two separate 
acid-etching times. Enamel etching time of 15 seconds and 60 seconds were used. The 
shear bond strengths of ceramic brackets to enamel were found to be similar to those 
of the control stainless steel brackets. They concluded that shear bond strength of 
ceramic brackets is not, by itself, the cause of the reported enamel fractures in this 
study. 
Viazis A D et al45 (1990) studied the shear bond strength and the potential 
enamel damage on the debonding of various currently available ceramic and stainless 
steel brackets. The brackets were divided into two groups, one bonded with a new 
light-cured orthodontic adhesive, and the other, with a conventional chemically cured 
system. Statistical analysis showed that the mean shear bond strength of the silane 
chemical bond provided by some ceramic brackets was significantly higher than 
stainless steel brackets suggesting that strong chemical bonds can potentially lead to 
enamel failure on debonding. 
Flores D et al46 (1990) conducted a comparative study on the fracture strength 
of ceramic brackets using polycrystalline, monocrystalline and metal brackets. When 
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stretched the failure loads and the strength of monocrystalline brackets dropped 
dramatically while the strength of polycrystalline brackets remained about the same. 
Polycrystalline brackets had many more initial surface flaws, making them weaker 
than single crystal brackets, but after scratching, the strength remained relatively 
unchanged indicating higher fracture toughness for polycrystalline brackets. 
Bishara SE et al47 (1990) explained the fracture toughness of ceramic 
brackets when compared with that of stainless steel brackets. Metal brackets will 
deform 20% under stress before fracturing, where as ceramic brackets will deform 
less than 1% before failing. He compared the debonding characteristic of three 
different types of ceramic brackets which were removed by three different techniques 
like debonding pliers, ultrasonic method and electro thermal method. He also studied 
the incidence of bracket failure, the amount of adhesive remaining after bracket 
removal at the site of bond failure, the debonding time for each technique and enamel 
damage resulting from bracket removal. 
 Bishara SE et al2 (1990) found that incidence of bracket failure during 
debonding was significantly greater with debonding pliers as compared with the 
incidence associated with ultrasonic or electrothermal methods (0%). Bond failure at 
the bracket – adhesive interface occurred with significantly greater, frequency for 
starfir brackets when debonding was performed with the electrothermal instrument 
and with less frequency when debonding pliers were used. There was no significant 
difference in debonding times between the electrothermal method and the debonding 
pliers. Post enamel treatment roughness of the enamel surface was greater for the high 
– speed adhesive removal technique than for either low speed or ultrasonic adhesive 
removal methods. 
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Winchester L J48 (1991) compared the bond strengths to enamel obtained in 
shear and tensile modes of testing using five different ceramic brackets and two 
different light-cured composites. The study showed that shear bond strength was 
significantly affected by adhesive type. All brackets resisted shear forces better than 
tensile forces. 
Ghafari J49 (1992) conducted a study on the problem associated with ceramic 
brackets. It was shown that ultrasonic technique required a significantly increased 
debonding time and force levels possibly uncomfortable to patients with sensitive 
teeth, with potential for soft tissue injury, requiring water spray to avoid pulpal 
damage. Polycrystalline brackets were more suitable for orthodontic use because its 
strength does not drop dramatically following scratching. If load application tends to 
fracture ceramic brackets, breaking the adhesive-bracket interface would minimize 
damage to the enamel surface. 
Williams L et al50 (1992) investigated the discomfort threshold for patients 
immediately before appliance removal. It was concluded that the threshold of patient 
discomfort, was significantly influenced by the mobility of the tooth and the direction 
of force application and patients can withstand intrusive forces significantly more 
than forces applied in a mesial, distal, facial, lingual, or an extrusive direction. 
Karihenz strobl et al51 (1992) investigated removal of ceramic brackets from 
the enamel surface by means of laser heating with the use of CO2 and YAG lasers 
with polycrystalline alumina and monocrystalline alumina brackets. He concluded 
that the advantage of laser aided bracket removal techniques included, the heat 
produced is localized and controlled, the debonding tool is essentially “cold” and the 
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method can be used for removal of various types of ceramic brackets, regardless of 
their design. 
Forsberg CM et al52 (1992) Shear bond strengths of ceramic brackets with 
chemical retention, mechanical retention was compared with metal brackets. The 
ceramic brackets had higher bond strength when compared with metal brackets, both 
with mechanical and chemical retention, where as ceramic brackets with chemical 
retention had more bond strength than mechanical retention had more bond strength 
than mechanical retention and metal brackets bond. The ceramic bracket with 
mechanical retention and metal bracket were comparable as regards of the site of 
bond failure. Enamel failure was recorded in three teeth among the thrity four teeth 
which were bonded with ceramic brackets. 
Eliades T53 (1993) compared the effect of various debonding procedures on 
five different types of ceramic brackets (four polycrystalline brackets and one 
monocrystalline bracket). Most adverse effect on enamel integrity was obtained after 
debonding brackets by combining micromechanical and chemical adhesion. Cohesive 
bracket failure increased in the group of monocrystalline brackets. 
Scott  F54 (1993) has stated that polycrystalline brackets are translucent, white 
to opaque, and begin as aluminium oxide particles of about 3 microns which were 
fused to produce ceramic grains of 20 to 30 microns. During debonding, compressing 
the wings, as in metal brackets, will result in brittle fracture of the ceramic bracket. 
During debonding, slow gradual compression mesio-distal to the base would seem to 
offer the best chance for inducing crack propagation within the bonding adhesive, 
rather than the enamel. 
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Bishara SE et al55 (1993) evaluated the use of a sharp-edged debonding 
instrument on four different ceramic brackets with three different bonding materials 
and two different enamel conditioning techniques. The mean debonding strength was 
less for mechanically retained (Transcend) ceramic brackets with phosphoric acid 
enamel conditioning. Bracket fracture was highest for Allure brackets, and was least 
for Transcend brackets. The bracket retention method, the type of adhesive, and the 
nature of enamel conditioner - all had significant effects on the debonding strengths. 
Tocchino RM et al56 (1993) used different wavelengths of laser light at 
248nm, 308nm and 1060nm and at light power densities of about 3 and 33 W/cm2. He 
measured the debonding timings, and surfaces created by debonding were examined 
with both light and scanning electron microscopy to determine bracket and enamel 
damage. Both Polycrystalline alumina and single crystal alumina (sapphire) ceramic 
brackets were bonded on lower deciduous bovine incisor teeth. The results showed 
that no enamel or bracket damage was present in any sample. The polycrystalline 
brackets debonding times were about 3 seconds, 5 seconds and 24 seconds for 248nm, 
308nm and 1060nm of radiation respectively. Debonding of polycrystalline brackets 
were caused by thermal softening of the resin. All sapphire brackets were debonded in 
less than 1 second. At sufficiently high power levels, debonding of sapphire brackets 
is caused by either thermal ablation or photo ablation resulting from direct interaction 
of the light beam with the resin. The ablative decomposition of the resin causes a 
rapid built up of gas pressure along the bonding interface, which blows the cool 
bracket off the tooth after only one or a few laser light pulses. 
Viazis AD et al57 (1993) studied the failed brackets during debonding with 
scanning electron microscope, the fracture origin and the problem defect that initiated 
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the fracture were identified. The failure origins were at arch wire slot, tie wing slot 
and parting area. The failure may also be due to internal defects, machining 
interference and undetermined. 
Von Fraunhofer J A58 (1993) conducted a study to  analyse the thermal 
effects associated with an Nd:YAG Lasers and reported that heating effects of 
dentinal pulp on both buccal and lingual surfaces showed an increase in heat as a 
function of the increase in power output from laser unit. The temperature measured at 
power level 3 watt appeared to be of sufficient magnitude to cause pulpal 
inflammation and possible irreversible damage to pulp tissue immediately opposite to 
the site of laser radiation. With 2 watt laser irradiation group, the temperature rise was 
in acceptable limits to cause any irreversible pulpal tissue damage but very near to the 
limit of reversible damage to the dental pulp. 
Wigdor et al59 (1993) worked to find a method to remove diseased and 
healthy dental hard tissues without the negative stimuli associated with dental hand 
pieces. He considered lasers as a potential replacement. His study evaluated effects of 
three lasers on dentin and pulpal tissues and concluded that Er:YAG laser has a lesser 
thermal effect when compared to that of all other types of lasers.  
Bishara SE60 (1994) compared the differences between the actual forces 
generated during bracket removal in the clinical setting and the shear forces applied 
during laboratory testing. Adhesive Remnant Index scores indicated that both 
mechanical debonding methods tested resulted in a bond failure either within the 
adhesive or at the adhesive-enamel interface. When debonding brackets with pliers, 
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30% less force was applied to the enamel surface than when debonding with shear 
forces. 
Bishara SE8 (1995) evaluated three different ceramic brackets for bond 
strength, adhesive remnant index and enamel surface damage during debonding using 
bracket debonding plier. No significant difference was noted in bond strength and 
enamel damage; however, the adhesive remnant index scores showed a range of 
difference in brackets. 
Larmour et al 18 (1995) assessed the effects of a commercial debonding agent 
P-de-A, derived from peppermint oil, upon the surface microhardness of two 
orthodontic resins Orthodontic Concise and Transbond. Twenty discs of each resin 
were fabricated and, following 1 week's storage in distilled water at 37 degrees 
Celcius, were allocated to application groups composed of four specimens. The mean 
initial surface hardness of each group was then determined prior to the application of 
P-de-A for one of: 30, 60, 90, 120 and 180 sec. The hardness was then remeasured. 
There was a significant reduction in surface hardness following the 180 sec 
application of P-de-A to Orthodontic Concise. He suggested that the agent facilitates 
debonding by a softening mechanism. 
Marangoni R et al61 (1997) studied the use of carbon dioxide laser for 
debonding ceramic (Transcend 6000; polycrystalline alumina) brackets. The study 
showed that ceramic brackets can be safely debonded by using carbon dioxide laser 
while keeping the intrapulpal temperature rise below the threshold of pulpal damage. 
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Obata et al62 (1999) conducted a study on comparison of the intrapulpal 
temperature changes with lasers and he  concluded that pulsed mode laser has short 
duration pulses separated by sufficient time to allow the tissue to cool between the 
pulses and as a result limits thermal damage. 
Armengol et al63 (2000) compared temperature rises during cavity preparation 
with an Er:YAG laser, Nd:YAP laser, and a high-speed handpiece. Eighteen teeth 
were sectioned longitudinally and divided into six groups, which were  treated with a 
carbide bur on a high-speed dental handpiece, Er:YAG laser with an energy of 140 
mJ, a pulse repetition rate of 4 Hz, Nd:YAP laser with an energy of 240 mJ, a pulse 
repetition rate of 10 Hz. No water cooling was used. Other groups were treated in the 
same way, but with water spray. Temperature increases were measured at different 
dentin thicknesses by a microthermocouple attached to the inner side of the pulp 
chamber. Water cooling was essential to reduce temperature effects in all groups. 
Nd:YAP laser induced significantly higher temperature rises than Er:YAG or 
handpiece. Temperature response to the Er:YAG laser and the handpiece seemed to 
be similar. 
Attrill et al64 (2004) quantified the temperature increments in a simulated 
dental pulp following irradiation with an Er:YAG laser, and to compare those 
increments when the laser is applied with and without water spray. Two cavities were 
prepared on either the buccal or lingual aspect of sound extracted teeth using the laser. 
One cavity was prepared with water spray, the other without.Temperature increments 
were measured in the pulp chamber using a calibrated thermocouple and a novel pulp 
simulant. Maximum increments were 4.0 °C (water) and 24.7 °C (no water). The 
Er:YAG laser must be used in conjunction with water during cavity preparation. 
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Jena et al65 (2007) described the composition and types of ceramic brackets, 
base characteristics and the various debonding techniques of ceramic brackets. The 
brittle nature of ceramic brackets resulted in higher incidence of bracket failure 
(fracture) during debonding. Mechanical means of debonding using debonding pliers 
and ligature cutter caused deformation of the bracket, thus breaking the bond at the 
bracket-adhesive interface.  
Chen H et al66 (2007) evaluated the effects of different debonding techniques 
on the in-vitro mean debonding forces and failure modes of 3 clinically available 
ceramic brackets [Inspire, Inspire Ice and Clarity] debonded with the pliers 
recommended by their respective manufacturers. Howe pliers were used to debond 
Clarity ceramic brackets; plastic pliers were used to debond the Inspire and the Inspire 
Ice ceramic brackets. Results showed that most brackets failed at the bracket-adhesive 
interface. Cohesive bracket fracture was noted more frequently with the Inspire 
ceramic brackets. Most adhesive fracture occurred at the ceramic-resin interface 
reducing the risk of enamel fracture. 
Kumar JA et al67 (2007) Ceramic brackets have highly localized, directional 
atomic bonds and this oxidized atomic lattice does not permit shifting of bonds and 
redistribution of stress. When stresses read critical levels the inter-atomic bonds break 
and material failure occur, which is called ‘brittle failure’. Fracture toughness in 
ceramic brackets is 20 – 40 times less than in stainless stell making it much easier to 
fracture. The hardness of ceramic brackets are extremely high due to aluminium oxide 
and the hardness is nine times more than that of stainless steel and enamel. Enamel 
abrasion occurs if ceramic is in direct contact with enamel. 
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Habibi et al68 (2007) Compared debonding characteristics of metal and 
ceramic orthodontic brackets to enamel. He took three types of orthodontic brackets 
like metal, ceramic with chemical retention and ceramic with mechanical retention 
which were bonded to thirty six maxillary premolars. The brackets were debonded 
with a sharp – edged debonding plier and enamel cracks were evaluated with a 
stereomicroscope. He concluded that the risk of enamel damage when debonding 
ceramic brackets is not greater than the risk when debonding metal brackets. 
Park NS et al69 (2007) investigated the changes in temperature induced by 
Er:YAG laser irradiation and to find the means to minimize potential thermal damage 
due to temperature arise after irradiation. An Er:YAG laser irradiation was performed 
at 300 mJ / pulse and 20Hz, with a water flow rate of 1.6m2/min for 3 seconds. Each 
lasing was followed by no application of post – irradiation water spray and with post 
– irradiation water spray for 1 sec and for 2 seconds. It is suggested that the addition 
of water spray for 1 or more seconds after irradiation reduces post irradiation 
temperature rise, possibly leading thermal damage on the dental pulp tissue. 
 Kitahara FMF et al70 (2008) evaluated enamel injuries during debonding of 
3 types of ceramic brackets. Forty-ﬁve premolars extracted for orthodontic purposes, 
were divided into 3 groups of 15. The enamel surfaces were photographed with a 
magnifying loupe (60 times) in an optical stereomicroscope with a digital camera. A 
different type of bracket was bonded and debonded in each group: mechanical 
retention, mechanical retention with a polymer base, and chemical retention. After 
debonding, the surfaces were again photographed. The photographs were evaluated 
for quality of enamel surface according to a predetermined scale. He concluded that 
the difference between the enamel surfaces before bonding and after debonding 
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brackets with chemical retention was statistically signiﬁcant; bonding and debonding 
these brackets resulted in enamel damage.  
 Bishara SE et al 71 (2008) studied thirty maxillary premolars which were 
bonded with clarity ceramic brackets were debonded using weingart plier and 3M 
debonding plier. After debonding, teeth and brackets were examined under 10 X 
Magnification for assessment of bracket failure (fracture) and of residual adhesion on 
the enamel surface. Enamel surfaces were visualized with transillumination prior to 
bonding and after removal of the residual adhesive, so that the effect of the debonding 
forces could be determined. He concluded that although the incidence of enamel 
damage following debonding was similar with weingart plier and the 3M debonding 
plier, the incidence of bracket failure was decreased with the 3M new debonding 
plier. 
Mollica FB et al72 (2008) compared intrapulpal temperature increase produced 
by high – speed handpiece, Er:YAG laser and CV Dentus ultrasound tips during 
cavity preparation. Thirty bovine mandibular incisors with enamel / dentition 
thickness of 4mm at buccal surface were prepared with class V cavity of depth 3.5 
mm. A type I thermocouple was placed inside the pulp chamber to determine the 
temperature increase. Er:YAG laser was used with parameter of power setting of 
3.5W, energy per pulse of 250 mJ and frequency of 4Hz with pulse duration of 250 
per second. The equipment was used in the non contact mode, with water coolant flow 
of 4.5 ml / min. Among all, Er:YAG laser preparations showed lowest mean 
temperature rise. It was concluded that the use of Er:YAG laser and high – speed 
handpiece for cavity preparation resulted in similar temperature increase about 30C 
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which was well below the critical value of 5.50C above which may produce 
irreversible pulpal damage. 
Elekdag-Turk  S et al73 (2009) studied the shear bond strength and debonding 
characteristics of a polymer mesh base ceramic bracket bonded with two different 
surface conditioning methods. The teeth were etched with 37 percent phosphoric acid 
for 30 seconds and Transbond Plus self-etching primer was used as recommended by 
the manufacturer. SBS testing was performed. The adhesive remnant index (ARI) was 
used to determine the amount of composite resin on the enamel. The study concluded 
the majority of specimens had residual adhesive on the enamel surface. 
Chung – Hwan S et al74 (2009) included one hundred and ninety teeth, 
monocrystalline brackets and polycrystalline brackets and KEY laser were used. 
Laser energy at 0, 140, 300, 450, 600 m J were applied. Laser was applied on the 
bracket at two points at 1 pulse each, and shear bond strength was measured. The 
effect where caused by laser was measured at the enamel beneath the bracket and pulp 
chamber, the adhesive residue was evaluated and enamel surface was investigated 
using SEM and it was concluded that if laser is applied on ceramic brackets for 
debonding, 300 – 450 mJ of laser will be safe and efficient for monocrystalline 
brackets, and about 450 mJ for polycrystalline brackets. 
Ostby AW et al75 (2010) evaluated the characteristics of the new instrument 
when removing metallic and ceramic brackets to compare the characteristics produced 
by conventional debonding pliers. Forty-five maxillary premolars were divided into 4 
groups. In group 1, Clarity Ceramic brackets 3M Unitek were debonded using 
Conventional utility/Weingart plier. In group 2, the ceramic brackets were debonded 
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using the new debonding instrument 3M Unitek. In group 3, metal brackets 3M 
Unitek were debonded using conventional pliers. In group 4, the metal brackets were 
debonded using the new debonding instrument. After debonding all the teeth and 
brackets were examined under 10x magnifications. Adhesive remaining after 
debonding was assessed using the modified adhesive remnant index. The comparison 
of the adhesive remnant index scores indicated that the two pliers have significantly 
different (P=0.013) bracket failure modes when debonding ceramic brackets. For both 
groups 1 and 2, most of the adhesive remained on the tooth but less adhesive was 
observed on the teeth that were debonded with the new debonding pliers. There were 
no significant difference in the debonding mode of the metal brackets when using the 
2 pliers. He suggested that the new instrument may remove more of the adhesive 
during the debonding of ceramic brackets, which in turn may save the clinician chair 
time.   
 Oztoprak MO et 31 (2010) debonded polycrystalline ceramic brackets with 
sixty bovine mandibular incisors using Er : YAG laser with 4.2 W for 9 seconds with 
scanning method. The brackets were debonded with external force which was applied 
45 seconds after laser exposure. The shear bond strength was found to be lower with 
laser group when compared with control group and also the adhesive remnant index 
scores were of 2 or 3. He concluded that the application of Er:YAG laser with 
scanning method is effective for debonding ceramic brackets by degrading the 
adhesive through thermal softening 
Feldon PJ et al29 (2010) used two types of ceramic brackets monocrystalline 
and polycrystalline brackets which were bonded to bovine maxillary central incisors. 
The diode laser was applied to brackets for 3 seconds. The diode laser significantly 
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decreased the debonding force required for monocrystalline brackets without 
increasing the pulp chamber temperature significantly. Diode lasers did not 
significantly decrease the debonding force required for polycrystalline brackets. 
 Gutknecht N et al76 (2011) studied the mechanisms enabling the QSP 
(quantum square pulse mode) technology. One of the major advantages of the QSP 
mode is that it significantly reduces undesirable effects of laser beam scattering in the 
debris cloud during hard tissue ablation. The cavities made with the QSP mode are 
sharp and well defined, and with minimal thermal effects at the edges of the cavities. 
Quantum square pulse (QSP) mode provides laser dentists with an additional high fine 
treatment modality. With six pulses per QSP mode the average repetition rate of 
Er:YAG dental lasers can be easily increased to 120 Hz and above. The parameters of 
the QSP mode were found to represent an optimal solution for reducing the 
undesirable effects of debris screening without significantly affecting the available 
range of laser power. Compared to standard Er:YAG laser pulse modes, the cavities 
made with the QSP mode are sharper and more well-defined, which minimizes any 
undesirable thermal effects at the edges of the cavities. 
 Pignatta LMB77 (2012) compared by means of scanning electron microscopy 
(SEM), the effects of four different protocols of bracket debonding and subsequent 
polishing on enamel surface, and to propose a protocol that minimizes damage to 
enamel surface. Twelve bovine permanent incisors were divided into four groups 
according to the instrument used for debonding and removal of the adhesive remnant. 
In groups 1 and 2, brackets were debonded with a straight debonding plier, and in 
groups 3 and 4, debonding was performed with the instrument Lift-Off, 3M Unitek. In 
groups 1 and 3, the adhesive remnant was removed using a long adhesive removing 
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plier and in groups 2 and 4, residual adhesive was removed with a tungsten carbide 
bur at high-speed. After each stage of debonding and polishing, enamel surfaces were 
replicated and electron micrographs were obtained with 50 and 200X magnification. 
All four protocols of debonding and polishing caused enamel irregularities. He 
concluded debonding brackets with straight debonding plier, removal of adhesive 
remnant with a tungsten carbide bur and polishing with pumice and rubber cup was 
found to be the protocol that caused less damage to enamel surface, therefore this 
protocol is suggested for debonding brackets. 
 Tozlu M et al 78 (2012) evaluated the effect of the time lag elapsed between 
lasing and shearing on debonding of ceramic brackets. One hundred polycrystalline 
ceramic brackets were placed on human premolar teeth, which were randomly divided 
into five groups of 20. One group was assigned as the control. The Er:YAG laser was 
applied on each bracket in four experimental groups at 5 W for 6 sec with the 
scanning method. Debonding was performed 1 s, 18 s, 30 s, or 60 s after laser 
exposure. Shear bond strengths and adhesive remnant index scores were measured. 
Debonding ceramic brackets after 18 sec when lased 6 sec using an Er:YAG laser 
with the scanning method, is safe and also suitable for clinical use since three brackets 
can be debonded at a time in succession. 
Mundethu AR et al32 (2013) presented the usefulness of erbium-doped 
yttrium aluminum garnet laser irradiation for debonding ceramic brackets is assessed 
using a single laser pulse. Damon Clear brackets were chosen for their 85% 
transmission of 2.94 μm radiation and were bonded to 20 human third molars using 
the Blugloo adhesive system. Laser parameters comprised of 600 mJ pulse energy 
with 800 μs duration, 1.3 mm fiber tip. Light microscopy was used to assess Adhesive 
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Remnant Index (ARI) scores, and scanning electron microscope (SEM) images were 
taken of the cross-section of the enamel-adhesive interface. Nineteen brackets (95%) 
were successfully debonded with a single laser pulse, while one bracket (5%) required 
eight pulses for debonding. For all teeth, the SEM analysis showed no signs of 
damage to the enamel, and ARI scores of three were observed, supporting the result 
that the laser effect is confined in the adhesive. The presented laser parameters are 
able to rapidly debond suitable brackets. The debonding mechanism was concluded to 
be thermo mechanical ablation for single pulse debonding. 
Mohaimeed M et al30 (2013) investigated the effects of diode laser de-
bonding on the shear bond strength and adhesive remnant index of pre-coated ceramic 
brackets bonded to extracted human premolars. Eighty freshly extracted upper 
premolars were used. The teeth were divided into two groups according to the pre-
coated ceramic brackets applied (APC II and APC plus). Each group was subdivided 
into two subgroups according to the method of de-bonding, either by laser diode 
(study groups) or without laser application (control groups).The shear bond test was 
performed after the laser pulse had been applied, and the adhesive remnant index 
(ARI) scores were assigned to each specimen. Lower shear bond strengths were found 
in the laser groups and the laser group had nearly twice as much adhesive, with ARI 
scores of 2 or 3. He concluded that the application of the diode laser is effective in de-
bonding pre-coated ceramic brackets. 
Devikanth et al79 (2014) evaluated Enamel Surface Characteristics site of 
bond failure and rate of bracket failure Following Debonding Of Ceramic Brackets 
Using Various Debonding Techniques.60 extracted maxillary premolars were bonded 
with ceramic brackets using Transbond XT light cure adhesive. Samples were divided 
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into four groups and were debonded with four debonding techniques. Group 1, using 
conventional debonding plier, Group 2, using electro thermal debonding unit, Group 
3, using ultrasonic scaler tip and Group 4 were debonded after immersion in 
peppermint oil . ARI score was evaluated under stereomicroscope and the values were 
tabulated. Two specimens from each group with high ARI scores were further 
evaluated under scanning electron microscope. He concluded that chemical debonding 
technique though had bond failure at enamel-adhesive interface, SEM showed 
minimal enamel damage indicating it as better technique for debonding ceramic 
brackets. 
Zhegova GG80 et al (2014) evaluated adolescents’ acceptance and pain 
perception of Er:YAG laser preparation in comparison to conventional mechanical 
preparation. Forty four adolescents between the age of 16 and 18 years with bilateral 
carious permanent molars were included in the study. In each patient one of the 2 
cavities was prepared conventionally, the other with the Er:YAG laser. All cavities 
were restored with light-cured composite resin following the application of acid etch 
and a bonding agent. The patients were instructed to rate pain (sensitivity) during 
treatment according to visual analogue scale and to decide which method they would 
prefer for their future treatment. The patients rated lower pain perception during laser 
treatment. It was found that 86.36% of the adolescents indicated that they would 
prefer the Er:YAG laser preparation for treatment. 
Nalbantgil D et al 36 (2014) experimented with sixty human premolars and 
sixty polycrystalline upper premolar ceramic brackets. The Er-YAG laser at a power 
of 5W with a wavelength of 2940nm was used. Laser was applied on the surface of 
the brackets for 9 seconds. The application tip of 1mm diameter at a water 
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perpendicular distance of 2mm from the bracket was placed and was used with water 
– cooling and without water cooling. External force was applied 45 seconds after 
debonding to remove the brackets. The pulp temperature change was continuously 
monitored using a thermocouple. He concluded that Er:YAG laser – aided debonding, 
with or without water – cooling, was effective for debonding ceramic brackets by 
reducing resin shear bond strength and Er:YAG laser application with water – cooling 
appeared to be a safer option by reducing resin shear bond strength and reducing the 
likelihood of intrapulpal temperature increase while debonding ceramic brackets. 
 Choudhary G et al 81 (2014) evaluated the debonding characteristics of    
both "the conventional debonding Pliers" and "the New debonding instrument" when 
removing ceramic, composite and metallic brackets. One Hundred Thirty eight 
extracted maxillary premolar teeth were collected and divided into two Groups and  
were further divided into 3 sub-Groups each  according to the types of  brackets to be 
bonded. In sub Groups A1 and B1-stainless steel;A2 and B2-ceramic;A3 and B3-
composite adhesive precoated maxillary premolar brackets were used. Brackets were 
debonded using Conventional Debonding Plier and New Debonding Instrument 
(Group B). After debonding, the enamel surface of each tooth was examined under 
stereo microscope (10X magnifications). A modified adhesive remnant index (ARI) 
was used to quantify the amount of remaining adhesive on each tooth. He concluded 
that the debonding efficiency of New Debonding Instrument is better than the 
debonding efficiency of Conventional Debonding Pliers for use of metal, ceramic and 
composite brackets respectively. 
Yassaei S et al82 (2015) evaluated the enamel surface characteristics and 
pulpal temperature changes of teeth after debonding of ceramic brackets with or 
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without laser light. Thirty polycrystalline brackets were bonded to 30 intact extracted 
premolars, and later debonded conventionally or through a diode laser (2.5 W, 980 
nm). The laser was applied for 10 seconds with sweeping movement. After 
debonding, the adhesive remnant index (ARI), the lengths and frequency of enamel 
cracks were compared among the groups. The increase in intrapulpal temperature was 
also measured. The collected data were analyzed by Chi-squared test and paired t-test 
using Statistical Package for Social Sciences (SPSS) software. Laser debonding 
caused a significant decrease in the frequency and lengths of enamel cracks, 
compared to conventional debonding. In laser debonding group, the increase in 
intrapulpal temperature (1.46°C) was significantly below the benchmark of 5.5°C for 
all the specimens. No significant difference was observed in ARI scores among the 
groups. Laser-assisted debonding of ceramic brackets could reduce the risk of enamel 
damage, without causing thermal damage to the pulp. But some increases in the 
length and frequency of enamel cracks should be expected with all debonding 
methods. 
 Saito A et al83 (2015) examined the reduction in debonding strength and the 
time taken using a bracket bonded with an orthodontic adhesive containing thermal 
expansion microcapsules and a CO2 laser as the heating method while maintaining 
safety. Ceramic brackets were bonded to bovine permanent mandibular incisors using 
bonding materials containing various microcapsule contents (0, 30, and 40 wt%), and 
the bond strengths were measured after laser irradiation for 4, 5, and 6 s and 
compared with non laser-treated groups. The temperature in the pulp chamber during 
laser irradiation was measured. After laser irradiation for 5 or 6 s, the bond strengths 
of the adhesive containing 40 wt% microcapsules were significantly decreased to 4.6–
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5.5 MPa compared with the non-laser groups. The mean temperature rise of the pulp 
chamber was 4.3 °C with laser irradiation for 6 s, which was less than that required to 
induce pulp damage. Based on these results, we conclude that the combined use of a 
CO2 laser and an orthodontic adhesive containing thermal expansion microcapsules 
can be effective and safe for debonding ceramic brackets with less enamel damage or 
tooth pain. 
Gracco A et al 84 (2015) compared the morphology of the enamel surfaces 
before bracket bonding and 6 and 12 months after debonding. Replicas of thirty-two 
maxillary second premolars of 16 volunteers were made before bracket bonding (T0), 
after debonding (T1), 6 months (T2), and 12 months (T3) later. Scanning electron 
microscope (SEM) images of the labial enamel surfaces were taken at T0, T1, T2, and 
T3 at increasing magnifications and analyzed according to the enamel damage index 
EDI. The debonding procedure tested in this study produces no clinically relevant 
enamel damage. These alterations are reversible indeed, as a progressive restoration to 
pretreatment condition is evident after 6 months already and even more after 12 
months. 
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The current study was done at the Department of Orthodontics, Sree 
Mookambika Institute of Dental Sciences, Kulasekharam , Sree Chitra Tirunal 
Institute For Medical Sciences And Technology - Biomedical Technology Wing, 
Poojappura, Thiruvananthapuram  and National Institute for Interdisciplinary Science 
and Technology, Pappanamcode, after getting approval from Institutional Human 
Ethics Committee on 10/04/2015, Ref. No. SMIMS/IHEC/2015/A/20. Approximate 
total duration of study was one month.The following materials, instruments and 
equipments were used during the study. 
MATERIALS  
1) Forty extracted human maxillary first premolars 
2) Distilled water  
3) Normal Saline  
4) Cold cure Acrylic – Acralyn R (Asian acrylates, Mumbai) 
5) 3M Unitek : Clarity Advanced ceramic brackets of maxillary first bicuspid( 
3M Unitek. 006-311) – Monorovia, CA. 
6) 37 % phosphoric acid (D tech)  
7) Transbond XT Primer (3M Unitek. 712 - 034) - Monorovia , CA  
8) Transbond XT light cure adhesive in syringes (3M Unitek. 712 - 035) – 
Monorovia  CA  
9) Peppermint oil (Falcon essential oils, Bengaluru) 
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10) Bracket holder  
    11) MBT gauge 
12)  Explorer 
13)  3M  Ceramic bracket Debonding plier ( 3M Unitek 900-850 ) – Monorovia, 
CA 
EQUIPMENTS 
1) Stereomicroscope (ProgRes,SteREO,Discovery V20,England) 
2) Sputter coater (Hitachi E 1010 ion sputter,Japan)  
3) Scanning Electron Microscope (Hitachi S 2400, SEM, Japan)   
4) Visible light curing unit (Woodpecker LED Light cure unit, DC-5.0V) 
5) Diode Soft tissue Laser (Picasso Lite, 60825 – 1: 2007, Italy) 
6) Er:YAG Hard tissue Laser (Fontona, 75 644, M021-3AF/4, Slovenia) 
METHODOLOGY 
         In this study a total of 40 human extracted teeth were required 
Scientific basis of sample size used in study:  
Based on the formula (2pq x 7.84) / (P1-P2)
2; where P1 & P2 are the 
proportion/mean/percentage of any one group, p = (P1+ P2) / 2. 
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INCLUSION CRITERIA: 
• Maxillary  first premolar teeth extracted for orthodontic purpose 
EXCLUSION CRITERIA: 
• No carious lesion/ pit and fissure caries.  
• Unrestored teeth.  
• Non-endodontically treated teeth  
• Absence of fracture lines 
• Intact buccal surface  
• No hypoplastic lesions.  
• Absence of enamel tear-outs. 
A total of 40 recently extracted sound human upper premolars for orthodontic 
purpose were selected. The roots of the selected teeth were scaled using ultrasonic 
scaler to remove any remaining soft tissue. All the teeth were cleansed with distilled 
water containing 0.2% thymol to inhibit the bacterial growth and stored in isotonic 
saline solution until use. 
PREPARATION OF THE SAMPLES 
 The selected samples were randomly divided into four groups of 10 samples 
each. The teeth were mounted vertically in self cure acrylic resin block so that the 
crown portion alone is exposed. The teeth were mounted on acrylic blocks such that 
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the roots are completely embedded in the acrylic, up to the cemento enamel junction 
leaving the crown portion exposed. The blocks were colour coded and numbered for 
easy identification. The colours blue, yellow, red and purple were given for the 
Groups I, II, III, and IV respectively. The samples were numbered continuously from 
one to forty with numbers 1-10 in Group I, 11-20 in Group II, 21-30 in Group III and 
31-40 in Group IV.  
DETAILED DESCRIPTION OF THE TEST GROUPS: 
GROUPS SAMPLE SIZE COLOUR CODING DEBONDING METHODS 
GROUP  I  10 (1-10) BLUE 3M CERAMIC BRACKET 
DEBONDING PLIER  
GROUP II       10  (11-20) YELLOW PEPPERMINT OIL 
(CHEMICAL AGENT)  
GROUP III 10 (21-30) RED SOFT TISSUE LASER 
(DIODE)   
GROUP IV 10 (31-40) PURPLE HARD TISSUE LASER 
(Er:YAG)  
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BONDING PROCEDURE   
The buccal enamel surfaces of all the teeth were polished with pumice and 
polishing cups for 15 seconds, washed for 30 seconds and dried for 10 seconds with a 
moisture free air spray. Samples were then acid etched using 37% phosphoric acid gel  
by applying it to the enamel surface for a time period of 15 seconds, then rinsed with 
running water for 30 seconds and gently dried with oil and moisture free air spray. 
The etched enamel surface shows a frosty appearance.  
After the acid etching procedure, a thin coat of the bonding agent (Transbond 
XT light cure primer) was applied on the tooth surface using the applicator tip and air 
blown and light cured for 20 seconds. After the application of the bonding material, 
Clarity Advanced 0.022” MBT prescription upper  first bicuspid ceramic brackets 
(3M Unitek) were bonded to the enamel surface using  light cure adhesive (Transbond 
XT light cure orthodontic adhesive). 
The ceramic brackets were placed onto the tooth surface, adjusted to the final 
position with bracket positioner by the same operator using the same instrument. The 
excessive adhesive is removed from the periphery of the tooth surfaces using an 
explorer. Each side of the tooth is light cured for a period of 10 seconds (total of 40 
seconds)using  LED light cure machine and the teeth were stored in 0.9 saline 
solution for 24 hours to stimulate oral condition. 
DEBONDING PROCEDURE 
Group I samples of 10 teeth numbered from 1-10 were debonded by the same 
operator using the 3M ceramic bracket debonding pliers. The stainless steel blades of 
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the debonding plier were hold in such a way that they engage the mesial and distal 
sides of the bracket in the bracket-adhesive interface. A gentle squeezing force was 
applied in a mesio distal direction until the bond failure occured. A stop watch was 
used to find out the time taken to debond each bracket. 
Group II samples of 10 teeth numbered from 11-20 were debonded using 
peppermint oil, the chemical agent which supported mechanical debonding. The 
sample to be debonded is applied with the peppermint oil so that the oil wets on all 
the four sides of the bracket on the tooth surface for 5minutes.Then a squeezing force 
at the bracket base in a mesio distal direction was applied for debonding, using the 
same 3M ceramic bracket debonding plier. The time taken to debond each bracket 
was calculated using a stop watch. 
Group III samples of 10 teeth numbered 21-30 were debonded using Diode, a 
soft tissue laser(Picasso Lite, Italy) emitting laser with a wavelength of 980nm using 
quartz tip of 400microns wide which is disposable. Laser safety measures like using 
protective eyewear were followed during the procedure. The system was set with 2.5 
watts of power and the samples were lased for 6 seconds each. The samples were 
lased in such a way that the laser was used in a non-contact mode as close as possible 
to all the four sides of the bracket. Then the 3M ceramic bracket debonding plier was 
used to debond the brackets by applying a squeezing force at the base of the bracket in 
a mesio -distal direction. The stop watch was used to find out the time taken to 
debond each bracket.      
Group IV samples of 10 teeth numbered from 31-40 were debonded using 
Er:YAG laser emitting a wavelength of 2940nm on an articulated arm (hand piece) . 
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A pilot study was done beforehand the actual debonding, in order to establish optimal 
laser parameters for desired outcome. All laser – specific safety measures were 
observed during the procedure. The system was set with 400mJ energy, 3Hz   pulse 
duration with a power of 1.2W and no water or no air method. Lasing was done by 
placing the articulated arm perpendicular to wire slot so that it is as close as possible 
to the slot. Brackets were debonded by thermo mechanical ablation method in fracture 
of seconds. The brackets just jumped off the teeth and can be felt in the hand piece. 
MODIFIED ADHESIVE REMNANT INDEX 
After the brackets were debonded, the enamel surface of each tooth was 
examined under 10 times magnification stereomicroscope (Discovery V20, SteREO). 
The teeth were mounted on the mounting table one by one and the microscope was 
adjusted to view the debonded enamel surface. A modified adhesive remnant index 
(ARI) score was used to quantify the amount of remaining adhesive on each tooth. It 
is a five scale index with following scores. 
Scoring Description 
     5 All of adhesive remained on the bracket. 
     4 More than 90% of adhesive remained on the bracket. 
     3 More than 10% or less than 90% of adhesive remained on the 
bracket. 
     2 Less than 10% of adhesive remained on the bracket. 
     1 No adhesive remained on the bracket. 
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SAMPLE PREPARATION FOR SEM STUDY 
 The samples were then sectioned using abrasive disk engaged to a micromotor 
with 20,000 to 40,000 rpm. They were sectioned in horizontal and vertical directions 
so that the buccal surface of each tooth could be used for the study. For SEM, the 
specimen is normally required to be completely dry; hence the specimen chamber is at 
high vacuum. 
 The dry specimens were then mounted on a specimen stub (specimen holder) 
using an electrically-conductive double-sided adhesive tape, and are sputter coated 
with gold before examination in the microscope, because the SEM illuminates them 
with electrons and conducts electricity. Gold has a high atomic number, and sputter 
coating with gold produces high topographic contrast and resolution. After gold 
coating, the samples were kept in the SEM unit for enamel surface study. The 
condition of the enamel surface was compared between the different debonding 
groups.  
SEQUENCE OF DATA COLLECTION 
The time required for debonding each tooth was recorded during debonding 
using stop watch, followed by adhesive remaining on enamel surface was evaluated 
with stereomicroscope. The data thus collected was charted in the Data format chart 
and was subjected to statistical analysis.  
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                         Figure-1: Premolar samples mounted in acrylic blocks  
 
 
                         
                               Figure-2: Representative sample of ceramic bracket  
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                              Figure-11: 3M Ceramic bracket debonding plier 
 
                              
                                       
                                                 Figure-12: Peppermint oil 
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                                            Figure-13: Diode-soft tissue laser    
 
                                              
                                     Figure-14: Er:YAG Hard tissue laser 
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                                            Figure-15: Debonding with plier 
 
                                     
                                            Figure-16: Group I - Debonding 
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                                   Figure-17: Debonding with peppermint oil 
 
 
                                 
                                          Figure-18: Group II - Debonding  
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                                        Figure-19: Diode laser debonding 
 
                               
                                        Figure-20: Group III - Debonding 
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                                    Figure-21: Er:YAG Laser power set up 
 
           
                          
                                        Figure-22: Group IV -  Debonding  
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                                               Figure-23: Stereomicroscope 
                                    
                                               Figure-24: Enamel surface (10X)  
Figures 
 
 
 
                                   
                                     Figure-25: Group I under stereomicroscope 
 
 
                                    
                                     Figure-26: Group II under stereomicroscope 
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                                 Figure-27: Group III under stereomicroscope 
 
 
                                   
                                 Figure-28: Group IV under stereomicroscope 
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                                         Figure-29: Sputter coating unit 
 
                          
                                Figure-30: Scanning electron microscope 
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The purpose of this study was to determine the effectiveness of different 
debonding techniques and to evaluate enamel surface after debonding ceramic 
brackets by different debonding techniques using ceramic bracket debonding plier, 
peppermint oil, soft tissue laser (Diode) and hard tissue laser (Er:YAG),to evaluate 
the sites of bond failure using Adhesive Remnant Index and to evaluate the time 
required to debond each bracket.  
Descriptive statistics, including the mean, standard deviation, and minimum 
and maximum values, were calculated for each group. The data is expressed in 
MEAN ± SD. Statistical Package for Social Sciences (SPSS 16.0) version was used 
for statistical analysis. One way ANOVA was applied for analysis. Post Hoc followed 
by Dunnet t test was used to find statistical significance between and within the 
groups. P value less than 0.05 (P<0.05) considered statistically significant at 95% 
confidence interval.  
The mean mARI score (Table-1) shows that the highest mean value was 
observed in Group I of 3.30±1.25. It decreased to 2.40±1.07 in Group II, it further 
reduced to 2.00±0.81 in Group III and the lowest was observed in Group IV with a 
mean value of 1.83±0.93. 
Comparison of mean adhesive remnant score of group-I with other groups 
(Table-2) showed statistical difference (p<0.05) with group III and IV with a 
difference in mean mARI value of 0.03 and 0.00 respectively. Group I was not 
significant (p>0.05) with Group II and had a difference of 0.20. 
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Comparison of mean adhesive remnant score of group-II with other groups 
(Table-3) showed that Group II was not statistically significant (p>0.05) with Group 
III which had a difference in mean mARI value 0.81 and is statistically significant 
(p<0.05) with Group IV with a difference in mARI value 0.01.Comparison of mean 
mARI of Group III with IV had a difference of  0.13 which was not statistically 
significant (p>0.05). 
Multiple comparison of mean adhesive remnant score between the different 
groups (Table -6) showed that Group I had a mean value of 3.30± 1.25 which was 
statistically significant  (p<0.05) when compared with Group III and Group IV that 
had a mean mARI of 2.00 ± 0.81 and 1.00 ±0.00 respectively. Group II had a mean 
mARI value of 2.40 ± 1.07 which was statistically significant (p<0.05) when 
compared with Group IV with a mean value of 1.00±0.00. 
Mean time taken for debonding different groups (Table-7) showed that Group 
II had a highest value of 301.58 ± 0.19. It decreased with Group III with a value of 
7.25 ± 0.16 followed by Group I with 1.28 ± 0.25.The lowest of the mean time was 
found with Group IV which had a value of 0.77 ± 0.08.  
Comparison of mean time taken for debonding Group I with Group II, III and 
IV had a difference of 0.001 for all the groups which was statistically significant (p< 
0.05).Likewise comparison of mean time taken for debonding Group II, III, and IV 
with other Group I and between each other had a difference of 0.001 which showed 
that it is statistically significant (p<0.05). 
Multiple comparison of mean time taken for debonding between different 
groups (Table-12)  showed that Group I had a mean value of 1.28± 0.25 which was 
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statistically significant (p<0.05) when compared with Group II, III and IV. Group II 
had a mean value of 301.58± 0.19 and was significant (p<0.05) when compared with 
the other groups. Group III and Group IV had a mean value of 7.25± 0.16 and 0.77± 
0.08 respectively which was statistically significant (p<0.05) when compared with 
other groups as well as with each other. 
According to Table -13, In Group I among the ten samples, 40% had the 
adhesive remnant score as 3, two samples had a score of 4 and 5 each, where as score 
1 and 2 was for only one sample each. In Group II, 50% of the samples showed score 
3, 30% had a score of 1, 10% had a score of 2 and 4 each, where as none of them had 
score 5.In Group III, 40% of the samples had a score of 2, 30% had a score of 1 and 3 
each, but there were no samples of score 4 and 5.In Group IV, all the samples had a 
score of 1, where none of them had other scores. 
SEM INTERPRETATION 
Group I (3M ceramic bracket debonding plier)  
Magnifications of SEM at 50X and 100X showed resin remnant on the tooth 
surface. The enamel surface was found to be rough, and filled with scratches. 
Scratches were found to be deep and clinically unacceptable. This can be attributed to 
the uneven debonding forces produced at various sites of bracket enamel interface by 
the debonding plier.  
Group II (Peppermint oil - Chemical agent)  
Magnifications of SEM at 50X and 100X showed resin remnant on the tooth 
surface. The enamel surface was found to be mildly rough, and filled with very 
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minimal scratches. Scratches were not found to be deep and were within the 
acceptable range. SEM interpretation was corresponding to the ARI scores.  
Group III (Diode - soft tissue laser debonding)  
Magnifications of SEM at 50X and 100X showed resin remnant on the tooth 
surface.  The adhesive on the tooth surface was uniform in terms of thickness. The 
enamel surface was found to be very mildly rough. Scratches were not found on the 
surface of the enamel.  
Group IV (hard tissue laser debonding)  
Magnifications of SEM at 50X and 100X showed complete remnant of resin 
on the tooth surface.  The adhesive on the tooth surface was uniform in terms of 
thickness. The enamel surface of the tooth whose bracket was debonded showed no 
laser–related morphological changes, suggesting the hard tissue laser debonding 
technique as better method than other techniques.  
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Table-1: Mean adhesive remnant score of different groups 
Groups Type of material Adhesive remnant 
score (MEAN±SD) 
Group-I Debonding with debonding plier 3.30±1.25 
Group-II Debonding with peppermint oil, chemical 
method 
2.40±1.07 
Group-III Debonding with diode soft tissue laser 2.00±0.81 
Group-IV Debonding with Er:YAG hard tissue laser          1.00±0.00 
 
Table-2: Comparison of mean adhesive remnant score of group-I with other 
groups 
Groups Adhesive remnant 
score (MEAN±SD) 
p value 
Group-I 3.30±1.25  
Group-II 2.40±1.07 0.20 
Group-III 2.00±0.81* 0.03 
Group-IV          1.00±0.00* 0.00 
(*p<0.05 significant compared group-I with other groups) 
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Table-3: Comparison of mean adhesive remnant score of group-II with other 
groups 
Groups Adhesive remnant 
score (MEAN±SD) 
p value 
Group-II 2.40±1.07  
Group-I 3.30±1.25 0.20 
Group-III 2.00±0.81 0.81 
Group-IV          1.00±0.00* 0.01 
                      (*p<0.05 significant compared group-II with other groups) 
 
 
Table-4: Comparison of mean adhesive remnant score of group-III with other 
groups 
Groups Adhesive remnant 
score (MEAN±SD) 
p value 
Group-III 2.00±0.81  
Group-I  3.30±1.25* 0.03 
Group-II 2.40±1.07 0.81 
Group-IV          1.00±0.00 0.13 
                      (*p<0.05 significant compared group-III with other groups) 
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Table-5: Comparison of mean adhesive remnant score of group-IV with other 
groups 
Groups Adhesive remnant 
score (MEAN±SD) 
p value 
Group-IV          1.00±0.00  
Group-I 3.30±1.25* 0.00 
Group-II 2.40±1.07* 0.01 
Group-III 2.00±0.81 0.13 
                       (*p<0.05 significant compared group-IV with other groups) 
 
Table-6: Multiple comparison of mean adhesive remnant score between the 
different groups 
Groups Type of material Adhesive remnant 
score (MEAN±SD) 
Group-I Debonding with debonding plier 3.30±1.25 
Group-II Debonding with peppermint oil, 
chemical method 
2.40±1.07 
Group-III Debonding with diode soft tissue 
laser 
2.00±0.81* 
Group-IV Debonding with Er:YAG hard 
tissue laser 
         1.00±0.00*,# 
(*p<0.05 significant compared group-I with other groups,  
   #p<0.05 significant compared group-II with other groups) 
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Table-7: Mean time taken for debonding of different groups 
Groups Type of material Time taken for debonding 
(MEAN±SD) 
Group-I Debonding with debonding 
plier 
1.28±0.25 
Group-II Debonding with peppermint 
oil, chemical method 
301.58±0.19 
Group-III Debonding with diode soft 
tissue laser 
7.25±0.16 
Group-IV Debonding with Er:YAG hard 
tissue laser 
0.77±0.08 
 
 
Table-8: Comparison of mean time taken for debonding of group-I with other 
groups 
Groups Time taken for debonding 
(MEAN±SD) 
p value 
Group-I 1.28±0.25  
Group-II 301.58±0.19* 0.001 
Group-III 7.25±0.16* 0.001 
Group-IV 0.77±0.08* 0.001 
(*p<0.05 significant compared group-I with other groups) 
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Table-9: Comparison of mean time taken for debonding of group-II with other 
groups 
Groups Time taken for debonding 
(MEAN±SD) 
p value 
Group-II 301.58±0.19  
Group-I 1.28±0.25* 0.001 
Group-III 7.25±0.16* 0.001 
Group-IV 0.77±0.08* 0.001 
(*p<0.05 significant compared group-II with other groups) 
 
 
 
 
Table-10: Comparison of mean time taken for debonding of group-III with other 
groups 
Groups Time taken for debonding 
(MEAN±SD) 
p value 
Group-III 7.25±0.16  
Group-I 1.28±0.25* 0.001 
Group-II 301.58±0.19* 0.001 
Group-IV 0.77±0.08* 0.001 
  (*p<0.05 significant compared group-III with other groups) 
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Table-11: Comparison of mean time taken for debonding of group-IV with other 
groups 
Groups Time taken for debonding 
(MEAN±SD) 
p value 
Group-IV 0.77±0.08  
Group-I 1.28±0.25* 0.001 
Group-II 301.58±0.19* 0.001 
Group-III 7.25±0.16* 0.001 
                          (*p<0.05 significant compared group-III with other groups) 
Table-12: Multiple comparison of mean time taken for debonding between the 
different groups 
Groups Type of material Time taken for debonding 
(MEAN±SD) 
Group-I Debonding with debonding 
plier 
1.28±0.25 
Group-II Debonding with peppermint 
oil, chemical method 
301.58±0.19* 
Group-III Debonding with diode soft 
tissue laser 
7.25±0.16*,# 
Group-IV Debonding with Er:YAG hard 
tissue laser 
0.77±0.08*,#,$ 
(*p<0.05 significant compared group-I with other groups, #p<0.05 significant 
compared group-II with other groups, $p<0.05 significant compared group-III with 
other groups) 
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Table-13: Number and percentage (%) of samples distributed according to 
adhesive remnant score 
Adhesive 
remanant 
score 
Group-I Group-II Group-III Group-IV 
Number (%) Number (%) Number (%) Number (%) 
1 1 10.00 3 30.00 3 30.00 10 100.00 
2 1 10.00 1 10.00 4 40.00 0 0.00 
3 4 40.00 5 50.00 3 30.00 0 0.00 
4 2 20.00 1 10.00 0 0.00 0 0.00 
5 2 20.00 0 0.00 0 0.00 0 0.00 
Total 10 100 10 100 10 100 10 100 
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Graph-1: Mean adhesive remnant score of different groups 
 
 
Graph-2: Comparison of mean adhesive remnant score of group-I with other 
groups 
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Graph-3: Comparison of mean adhesive remnant score of group-II with other 
groups 
          
 
 
Graph-4: Comparison of mean adhesive remnant score of group-III with other 
groups 
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Graph-5: Comparison of mean adhesive remnant score of group-IV with other 
groups 
 
 
Graph-6: Multiple comparison of mean adhesive remnant score between the 
different groups 
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Graph-7: Mean time taken for debonding of different groups 
 
 
Graph-8: Comparison of mean time taken for debonding of group-I with other 
groups 
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Graph-9: Comparison of mean time taken for debonding of group-II with other 
groups 
 
 
 
Graph-10: Comparison of mean time taken for debonding of group-III with 
other groups 
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Graph-11: Comparison of mean time taken for debonding of group-IV with 
other groups 
 
 
 
Graph-12: Multiple comparison of mean time taken for debonding between the 
different groups   
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Figure-31: Group I SEM – 50X 
 
            
Figure-32: Group I SEM – 100X 
 
 
Scanning Electron Microscopic Image 
 
 
 
                                
              
Figure-33: Group II SEM – 50X 
 
               
Figure-34: Group II SEM – 100X 
                              
 
Scanning Electron Microscopic Image 
 
 
 
 
              
Figure-35: Group III SEM – 50X 
 
              
Figure-36: Group III SEM – 100X 
 
 
Scanning Electron Microscopic Image 
 
 
 
 
              
Figure-37: Group IV SEM – 50X 
 
               
Figure38 Group IV – 100X 
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Ceramic brackets have proved better as an aesthetic alternative to both plastic 
and conventional metal brackets, and also showed comparable clinical performance to 
the metal brackets. They provided higher bond strength, more resistance to wear and 
deformation, better color stability and superior esthetics69.Bonding of ceramic 
brackets using chemical adhesion produces shifting of bond failure from bracket base 
- adhesive interface74 to enamel - adhesive interface, which can lead to irreversible 
enamel damage45 The presently available ceramic brackets are made of polycrystalline 
alumina with a rough base which provides only micromechanical interlocking with 
the orthodontic adhesive to overcome this disadvantage10. The other characteristic of 
ceramic brackets is the fracture of the bracket itself during debonding.  
To reduce the rate of irreversible enamel surface damage, several methods of 
debonding ceramic brackets have been suggested like pliers or wrenches, an 
ultrasonic method, electro thermal devices (ETD) that transmit heat to the adhesive 
through the bracket, air pressure impulse devices which is common for crown 
removal in prosthodontics, diamond burs to grind the brackets off the tooth surface, 
and lasers88. 
The ultrasonic debonding technique was time consuming, ETD method  
include risks of injury to the pulp,90 in air pressure impulse debonding some 
proportions of enamel damage were seen,91 grinding the brackets off the tooth surface 
by using diamond burs is laborious and is associated with subsequent enamel 
damage92 .Although all these methods can be used successfully to debond brackets, 
the use of debonding pliers to apply a shear or tensile force on the bracket is perhaps 
the most convenient and continues to be the most popular method used for debonding 
brackets.  
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More recently, the manufacturer has introduced a new “Debonding 
Instrument” to be used specifically for ceramic brackets. It is designed to engage the 
tie wings of ceramic brackets93. Being a relatively new product, a little information is 
available on the efficacy and debonding characteristics of this new instrument.  
Another such technique that has been recently introduced was debonding 
using lasers. The goal of bracket debonding is to degrade the adhesive resin strength 
connecting the tooth and bracket. This can be performed by laser radiation, which can 
penetrate through the bracket to the adhesive resin and influence the strength of its 
bond to enamel94.  
According to the investigators, laser energy can degrade the adhesive resin by 
thermal softening, thermal ablation, or photo-ablation. Thermal softening happens 
when the bonding agent is heated until it softens. As a result of thermal softening, the 
bracket slides off the tooth surface. If the heating is fast enough to raise the 
temperature of the resin into its vaporization range before thermal softening occurs, 
thermal ablation takes place. The bracket blows off the tooth surface as the result of 
thermal ablation. The bracket also blows off the tooth from photo-ablation, which 
occurs when the energy level of the bonds between the bonding-resin atoms rapidly 
rises above their dissociation energy levels, resulting in the decomposition of the 
material. Therefore for the debonding of ceramic brackets, a laser should be chosen 
that will directly affect the resin without conducting excessive heat. The diode laser 
significantly decreased the debonding force required for ceramic brackets29. In our 
study we selected Diode laser debonding because it is the most commonly used soft 
tissue laser in dental clinics today. 
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Most previous studies preferred carbon dioxide laser for debonding ceramic 
brackets, which is more easily absorbed by the ceramic brackets22.But when obtaining 
sufficient heat, the rise of bracket temperature can cause an increase in intrapulpal 
temperature that might cause pulp damage. Because of the risk of pulp damage, a 
different laser type that would directly influence the resin by enhancing the effects of 
thermal ablation and photo ablation was used by Hayakawa25. A high peak Nd:YAG 
laser was selected, since it had lower ceramic absorption level than the carbon dioxide 
laser. The results showed that ceramic brackets were debonded by thermal or photo 
ablation. 
Laser light transmission without loss of energy through the bracket to the resin 
is believed to be important for achieving this phenomenon. Nd:YAG had higher 
degree of enamel transmissibility than carbon dioxide laser. The rise in pulpal 
temperature with Nd:YAG was measured to be 5.1 degree celcius only. Therefore 
when using Nd:YAG care must be taken because of the heat conducted and the length 
of its application.  
Paghdiwala95 in 1988 tested the Er:YAG laser’s wavelength for its ability to 
ablate dental hard tissues. For the first time, a laser was used to create preparation 
holes in enamel and dentin with low energies. Without any water cooling, the 
prepared holes showed none of the typical heat induced microcracks and very little or 
no charring. The pulpal cavity temperature increase was shown to have a mean rise of 
4.3°C, well within the margin of pulpal safety. Hibst96 in 1989 and Keller97 in 1991 
have proved that tooth structure could be removed by the Er:YAG laser without 
causing any measurable degree of thermal damage. The procedure was comfortable 
for the patient producing no pain and deemed to be safe and efficacious.  
Discussion 
 
52 
 
Oelgiesser et al98 in 2003 examined pulpal temperature increases in class I and 
class V preparations and discovered that the highest temperature rises were 3°C to 
4°C in class I preparation and 2°C and 4°C in class V preparation. All preparations 
were below the critical pulpal increase for the maintenance of pulp vitality which is 
5.5°C. Nalbantgil et al36 in 2014 debonded ceramic brackets using Er:YAG laser pulse 
at 5W for 9seconds and proved that the mean pulpal temperature increases were 
2.14°C and 4.59°C for debonding with water and without water respectively. Both 
being within the limit of 5.5°C, that caused pulpal damage.    
  In our study, the Er:YAG  laser was selected because, it appears to have 
lesser thermal effects than other lasers. Er:YAG lasers increased the ARI scores and 
thus decreased the risk of enamel fracture, and they are thus effective in reducing the 
shear bond strengths of orthodontic polycrystalline ceramic brackets from high values 
to levels for safe removal from the teeth31.The idea to use an Er:YAG laser for bracket 
debonding is quite new and only few references are found in the literature. 
Therefore, the aim of the present study was to determine the effect of 4 
different debonding techniques on enamel surface, and assess the remnant adhesive on 
the surface of brackets. Forty samples of maxillary first premolars bonded with 
Clarity advance brackets were used which were divided into 4 groups that included 
Group I (3M Debonding Plier method), Group II (Chemical agent method) Group III 
(Diode- soft tissue laser method) and Group IV (Er:YAG – hard tissue laser method). 
After debonding the ceramic brackets by four different debonding methods, 
the residual resin was evaluated using modified Adhesive Remnant Index. (Oliver 
1988). Many studies have used this method, for measuring residual adhesive resin 
after removal of orthodontic attachments. It is a reliable method. Quantitative 
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measurements of the adhesive remnant after debonding can be performed by various 
methods like inspecting with eyes, judging the photographs and visualizing with 
stereo microscope. A quantitative measurement of adhesive remnant by visualizing 
with stereo microscope is the most reliable method99.So this method had been used in 
our study.  
The results of the mean mARI score showed that the highest mean value was 
observed in Group I of 3.30±1.25. It decreased to 2.40±1.07 in Group II, it further 
reduced to 2.00±0.81 in Group III and the lowest was observed in Group IV with a 
mean value of 1.83±0.93. 
The present study showed statistically significant difference in mARI score in 
the different study groups (p<0.05). On comparing mARI score in different 
techniques, there was statistically significant mean difference between Group I and 
Group III (p=0.03), Group I and Group IV (p=0.00), also between Group II and Group 
IV (p=0.01). 
The results showed an increased mARI score using debonding plier method 
compared to soft tissue laser debonding and hard tissue laser debonding. However, 
there was no difference in debonding plier and chemical agent method. There was 
also significantly more mARI score using chemical agent debonding compared to 
hard tissue laser; however, it was not significantly different when compared to 
debonding using soft tissue laser method.  
In our study the reason for higher mARI score for debonding plier could be 
that pliers cause either deformation of the bracket, thus, breaking the bond at the 
bracket-adhesive interface or by stressing the adhesive to its ultimate strength causing 
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cohesive failure within the composite resin. This was supported by Bishara et al and 
Daniel Boyer et al8. 
Swartz recommended that ceramic brackets should be debonded with a sharp 
edged instrument placed at the enamel-adhesive interface and a “slow gradual 
squeezing” force should be applied until bracket failure occurs. As Swartz explained, 
“The pliers work either through the deformation of the bracket, breaking the bond at 
the bracket-adhesive interface or by stressing the adhesive to its ultimate strength 
causing cohesive failure within the composite resin”100.The use of pliers with narrow 
blades created sufficient debonding strength and led to reduced force levels on the 
enamel surface.  
Bishara et al reported that debonding polycrystalline ceramic brackets with 
sharp-edged debonding pliers that apply a bilateral shearing force does not produce 
any gross enamel damage. Forces applied at the interface rather than the bracket itself 
may prevent breakages on debonding69 .While some studies have reported no enamel 
damage when debonding ceramic brackets with the appropriate pliers, other 
researchers have reported an increase in enamel cracks or crack length following 
debonding101. 
In the present study about 40% of the samples had mARI score as 3 and 20% 
had the score of 4 and 5 whereas only 10% of the samples had score 1 and 2.Also for 
few brackets the bond failure was at adhesive-enamel interface with very little or no 
adhesive remaining on the enamel surface. 
When viewed under scanning electron microscope enamel surface showed 
roughness and deep scratches attributed to the uneven debonding forces produced at 
various sites of bond failure by the debonding plier. 
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Chemical debonding of ceramic brackets showed that 50% of the samples had 
score 3, 30% had a score of 1 and 10% had a score of 2 and 4. Site of bond failure for 
most of the samples was score 3, indicating that the bond failure was at the enamel 
adhesive interface, which was similar to the findings of Larmour et al102. Waldron and 
Caustron103 (1991) suggested that peppermint oil could have an effect when applied 
for very short periods for about one to two minutes.  
 Larmour and Chadwick18 (1995) found no appreciable composite softening 
effect at such short periods. However Larmour et al in 1998 showed that with both 5 
minute and 1 hour placement of the bonded ceramic brackets in peppermint oil 
facilitated ceramic bracket debonding and increased the incidence of bond failure at 
the enamel-resin interface. In our study we applied peppermint oil for 5 minutes using 
applicator brush followed by debonding with debonding plier.  
Scanning electron microscopy showed no major enamel damage (cracks, 
gouging) except for mild surface roughness. This suggests that though in the 
chemically debonding technique, bond failure occurred at the enamel-adhesive 
interface the likelihood of the enamel damage was minimal, which might be due to 
the softening effect of the peppermint oil on the adhesive decreasing the bond 
strength104. 
Results of soft tissue laser debonding using diode showed that 40% of the 
samples had a score of 2 and 30% had a score of 1 and 3.There were significant mARI 
score difference between debonding plier and diode laser debonding. Many studies 
have used lasers to reduce ceramic bracket debonding forces and prevent enamel 
cracks or tear-outs25. The increased bond strength in the attachment of ceramic 
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brackets to enamel might increase the potential for enamel damage or bracket 
fractures upon debonding1.  
Diode laser is a semiconductor device that produces coherent radiation (in 
which the waves are all at the same frequency and phase) in the visible or infrared 
spectrum when current passes through it. Diode lasers differ from other laser types in 
several important ways, that they are small in size and have low weight, current, 
voltage, intensity, and power requirements29.Diode Laser initiated debonding works 
by thermally softening the adhesive resin20.  
The diode laser de-bonding protocol used did not produce any explosive 
‘‘blow-offs,’’ noticeable carbonization like changes to the remnant resin, or 
decomposition of the bracket base, as was reported by Hayakawa (2005) when using 
an Nd:YAG laser. It appears that the effect of the diode laser was to provide thermal 
softening of the adhesive. The results of our investigation generally agree with 
previous studies, substantiating the fact that lasers can be used effectively to thermally 
soften the adhesive resin for the removal of ceramic brackets105.  
Our study showed that it is possible to use diode laser radiation to facilitate 
bracket removal. The applied radiation must exhibit a wavelength that promotes 
maximal absorption in the bracket and bonding agent material and minimal absorption 
in the tooth. If these criteria are fulfilled, the radiation is an efficient helper in 
debonding, and no thermal damage to the tooth appears after the procedure 
(Reichmann et al 2008). Previous studies have debonded ceramic brackets using diode 
laser with a power set up of 2.5W, 3W and 5W lasing for a time period of 3sec or 
6sec.In our study we used the lowest power of 2.5W for 6sec to avoid any thermal 
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damage to pulp. After lasing, the brackets were removed using an external force 
which is the debonding plier. 
The decrease in the mARI scores was consistent with the scanning electron 
microscope results, where the enamel surface was found to be free of any cracks or 
scratches. Therefore, Diode laser debonding was efficient for debonding ceramic 
brackets without enamel tear-outs and thus decreased the risk of enamel fracture. 
In hard tissue laser debonding using Er:YAG all the 10 samples had a mARI 
score of 1, showing that all adhesive remained on the tooth surface. No bracket 
failures were observed. This was supported by the SEM study, which showed the 
presence of 100% adhesive on the enamel surface. 
Ideally the laser –aided debonding occurs by the degradation of the bonding 
resin. Different authors refer to this degradation as thermal softening, thermal ablation 
or photo- ablation. But all the methods of debonding were below the critical pulpal 
increase for the maintenance of pulp vitality which is 5.5°C.The result of our study 
deviates from the former studies in the mechanism of debonding. Two reports by 
Oztoprak et al studied an Er:YAG laser for bracket debonding by using a laser 
scanning method. The mechanism of debonding was found to be due to thermal 
softening of the resin31. Our protocol and parameters did not require any external 
application of force to remove the bracket from the adhesive because we did not use 
scanning method, but the laser was used to concentrate at a single point on the bracket 
slot, hence the brackets just fell or jumped off the teeth during debonding. 
Tocchio et al stated that when an Nd:YAG laser with a high peak power was 
applied to the surface of a bracket, the laser energy will traverse the bracket until it 
reaches the bracket-bond interface. The laser energy there is either absorbed at the 
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base or reflected due to the mechanical structure. The absorbed energy is partially 
converted to localized thermal energy, resulting in the thermal softening, thermal 
ablation or photo-ablation23. 
Hayakawa stated that the gas pressure generated by thermal ablation or photo-
ablation functioned as the debonding force by uniformly developing within the 
bonding interface, thereby separating the brackets25. According to Oztoprak et al the 
laser light of the Er:YAG laser can be absorbed by resin that might contain a readily 
vaporizable constituent, such as water or residual monomer. Therefore, effect of the 
Er:YAG laser can result in decomposition of the resin because of evaporation of the 
water or the monomer31. Tocchio already demonstrated in 1993 that a KrF excimer 
laser source of 248nm can cause a photo-ablative debonding in just one pulse. But the 
use of a 248 nm excimer laser is medically prohibitive since its emission in the UV 
band coincides with DNA absorption and therefore has a reputation of being 
cytotoxic, mutagenic and carcinogenic. 
The Er:Yag laser is well known for its very large absorption in water of more 
than 10,000/cm32. The settings used in our study were choosen with the aim for 
debonding of the bracket by a blow-off process similar as described by Ambili et al32 
(2013), without creating the risk to remove significant amounts of material below the 
bracket and ensuring that no enamel is removed. The parameters used in the study 
were 600mJ, 2Hz for debonding. Whereas with the help of a pilot study, we finalised 
the laser parameters with pulse energy of 400mJ, 3 Hz, 1.2W, no air or no water spray 
at which the brackets blow-off. We have kept the pulse duration as low as possible, 
than the previous studies. Because of the short application period of laser delivery, the 
rise in intra-pulpal temperature can be avoided. 
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SEM images confirmed that the total adhesive remained on the tooth 
preserving the enamel surface below the adhesive. From SEM images we can also 
imagine that the laser energy is absorbed in the first few microns of the adhesive, 
possibly by free water or water content of the uncured monomer present within the 
adhesive. In photo-induced thermo mechanical ablation, the water absorbs the energy, 
vaporizes, and rapidly expands, causing subsurface pressure due to the expanding 
water vapour within the enclosed environment of the bracket-adhesive interface. This 
pressure consequently pushes the bracket outwards in an audible popping sound while 
simultaneously generating a tactile feedback to the handheld laser applicator, 
indicating the success of the procedure. Due to this reason there was no bracket 
failure and the mARI scores were all 1.We can also conclude that unlike previous 
studies, in our study the debonding was not due to thermal softening but due to photo-
ablation that debonded the ceramic brackets.           
     The mean time taken for debonding (in seconds) shows that highest mean 
value was observed in Group II of 301.58 ± 0.19, followed by Group III ( 7.25 ± 
0.16), Group I (1.28 ± 0.25), and the lowest mean value was observed in Group IV 
with a mean value of 0.77 ± 0.08. On comparison, there was statistically significant 
difference in time taken for debonding between all the study groups (p = 0.001).  
The time requirement comparison indicates that chemical method approach to 
debond was most time consuming, with significantly higher difference compared to 
debonding plier, diode laser and Er:YAG laser debonding and there was also 
significant difference in time consumption when the groups were compared  between 
themselves. All of the debonding techniques used to remove the ceramic brackets 
were effective, but each had its limitations. The use of the debonding plier, may 
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produce discomfort to the patient because of pressure on teeth that are often mobile 
and sore, and cracks may occur, or cause fracture of the enamel or even bracket 
fracture. In chemical method of debonding, although the peppermint oil used is a non-
toxic, non-irritant solution the flavour may be disliked by some patients and it is time 
consuming.  
Diode laser debonding makes ceramic bracket removal safer when compared 
to debonding plier and chemical method. But after lasing, diode laser debonding 
needs an extra instrument to remove the bracket. For both diode laser and Er:YAG 
laser, the laser parameters should be kept within limits to avoid thermal damage to the 
pulp. The laser-safety measures must be absolutely followed.  
In Er:YAG debonding another safety measure to be followed is to prevent the 
swallowing of debonded brackets as the brackets blow-off. The usual approach of 
leaving the wire in the bracket will probably not work in the proposed laser debonding 
as the material wire will interfere with the laser radiation hence a figure of eight 
ligation can be done. Er:YAG laser debonding did not need any additional force to 
remove the bracket from the tooth as in the diode laser debonding. Moreover Er:YAG 
debonding was a rapid debonding which took only fraction of a second to debond 
each bracket, whereas diode laser was used for lasing about 6sec which was time 
consuming. Long period of lasing have the disadvantage of creating more heat that 
may produce pulpal damage which can be avoided in rapid debonding using Er:YAG.       
The evidence presented in this study suggests that Er:YAG debonding method is the 
most efficient method for removing the ceramic brackets.  
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The purpose of this in-vitro study was to evaluate the enamel surface after 
debonding ceramic brackets using four different debonding techniques with scanning 
electron microscopy (SEM). Modified ARI index was determined and time taken to 
debond each bracket was calculated henceforth.         
40 extracted maxillary premolars were divided into four groups with 10 
samples in each. Teeth were bonded with clarity advance ceramic brackets using light 
cure composite resin. 
Among the four groups, Group I was debonded with 3M ceramic bracket 
debonding plier, Group II with chemical agent peppermint oil, Group III with soft 
tissue laser diode and Group IV with hard tissue laser Er:YAG and the time required 
to debond each bracket was recorded using a stop watch. 
The debonded samples were examined under stereomicroscope with 10 times 
magnification and modified ARI score was determined. The samples were prepared 
for SEM and the images were viewed under 50x and 100x magnifications. 
Statistical analysis was done to know the significance of difference between 
the groups. The difference between mARI of group I and group III and IV were 
statistically significant and that between group II and group IV were also significant 
whereas others were not statistically significant. The difference between time taken to 
debond the brackets were statistically significant within all the groups. 
Within the limitations of this study, the following conclusions were drawn: 
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The maximum enamel damage was found with 3M debonding plier which 
decreased with peppermint oil debonding, followed by diode debonding. There was 
no enamel surface damage with Er:YAG laser debonding. 
The modified Adhesive Remnant Index showed maximum amount of adhesive 
on tooth surface with Er:YAG laser debonding, followed by diode laser debonding 
and chemical agent debonding. The least amount of adhesive on tooth was found with 
3M debonding plier. 
The time taken for debonding the ceramic brackets was highest with chemical 
agent and the time decreased with diode laser debonding followed by 3M debonding 
plier. Debonding with Er:YAG laser took only a fraction of second to debond each 
bracket.  
From the above mentioned conclusion, we infer that among the four 
debonding techniques used to remove the ceramic brackets, Er:YAG laser debonding 
was the most effective, safest for the enamel surface and least time consuming.  
However, the present study was an in-vitro study and future     in-vivo studies 
are necessary to determine the effects of the Er:YAG debonding technique. 
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